Orthovanadate, an inhibitor of protein tyrosine phosphatases, acts more potently as a promoter than as an initiator in the BALB/3T3 cell transformation Ayako Sakai including the specification of key proteins whose hyperphosphorylation induces the promotion of carcinogenesis. The
stimulates phosphorylation at tyrosine residues as well as The phosphorylation and dephosphorylation of proteins serine and threonine residues of several cellular proteins in are critical in cellular signal transduction. Phorbol esters different cell culture systems (11) (12) (13) . The gene products of and okadaic acid, which affect protein phosphorylation, many oncogenes and proto-oncogenes act as protein tyrosine are potent promoters in mouse skin carcinogenesis and cell kinases (14, 15) . Hyperphosphorylation at tyrosine residues of transformation in vitro. Orthovanadate inhibits protein cellular proteins may also play a crucial role in the signal tyrosine phosphatases and causes hyperphosphorylation of pathways in which a shift may eventually lead to carcinogenesis cellular proteins. We have performed two-stage transor the enhancement of carcinogenesis. Phosphotyrosines are formation assays using BALB/3T3 cells to determine the dephosphorylated by phosphotyrosine-specific phosphatases, major activity of orthovanadate (1-10 µM) for transformaprotein tyrosine phosphatases (PTPs) (16) (17) (18) (19) . PTPs are selecttion. This chemical acted as a weak initiator because its ively inhibited by orthovanadate (16, 20, 21) . Orthovanadate initiating treatment produced a significant, though small, elevates the phosphorylation levels of proteins in different number of transformed foci in the presence of promoting intact cells accompanying the activation of an oncogene treatment by 12-O-tetradecanoylphorbol-13-acetate (TPA) product, morphological alterations, and the induction of DNA but not in the absence of TPA. Promoting treatment by synthesis (22-25). orthovanadate markedly enhanced the transformation of Cell transformation in vitro is regarded as a model system the cells pretreated by a subthreshold dose of 3-methylcholfor carcinogenesis in vivo (26, 27) . Phorbol esters, okadaic acid anthrene (MCA) but not of non-pretreated cells. Superiority and other tumor promoters promote chemical and radiationof promoting over initiating activity of orthovanadate was induced cell transformation in the two-stage transformation confirmed by an assay carried out in the reversed treatment assays that mimic two-stage carcinogenesis (28) (29) (30) (31) (32) . Moreover, sequence (orthovanadate and then MCA), where the transpolypeptide growth factors such as epidermal growth factor formation frequency was conspicuously decreased comand platelet-derived growth factor, whose receptors are pared with the regular treatment sequence. The endowed with tyrosine kinase activities (33) (34) (35) , also enhance transformed foci in the cultures treated by orthovanadate, transformation of the cells initiated by a virus, X-ray, UV light following MCA treatment, continued to grow in normal and a chemical carcinogen (36) (37) (38) . Recently orthovanadate medium, showing cell proliferation independent of orthohas been reported to enhance transformation of bovine papilvanadate. Orthovanadate, in addition to TPA and okadaic lomavirus DNA-transfected C3H/10T1/2 mouse embryo cells acid, will be a useful reagent for studying the signaling (39) and hamster embryo cells pretreated with benzo[a]pyrene cascades responsible for tumor promotion.
(40), and to induce neoplastic progression from one stage to a more malignant stage in a Syrian hamster embryo cell model system (41) . But initiating or transforming activity has not Introduction been tested in those cells. In BALB/3T3 mouse embryo The phosphorylation and dephosphorylation of proteins are cells, which are a representative cell line used for in vitro critical in the cellular signal transduction involved in celltransformation assays equally as much as C3H/10T1/2 cells cycle regulation, proliferation and differentiation. They are (42) , one study found that continued treatment by this chemical controlled by the activities of protein kinases and protein for 4 weeks led to the production of numerous foci consisting phosphatases. Among tumor promoters, phorbol esters activate of morphologically transformed cells, but a 48-h treatment protein kinase C (1-3) and okadaic acid inhibits protein followed by 4 weeks of incubation without any chemical did phosphatases 1 and 2A (4-6). Protein kinase C phosphorylates not (43). Promoting activity of orthovanadate has not been protein substrates at serine and threonine residues (3). Protein reported in BALB/3T3 cells. Sodium orthovanadate is generally phosphatases 1 and 2A catalyze dephosphorylation at phosphoused to inhibit PTPs for intact cells in cultures and cell lysates. serine and phosphothreonine residues of phosphoproteins (7).
However, vanadates such as orthovanadate, decavanadate, Therefore, phorbol esters and okadaic acid cause hyperphosmetavanadate and vanadyl are interconverted in aqueous soluphorylation of many cellular proteins by the acceleration of tion depending on concentration, pH and the state of the redox phosphorylation and the suppression of dephosphorylation, potential. These ions have in common a variety of biological respectively, at serine and threonine residues (3,8-10). Howand biochemical effects such as stimulation of tyrosine kinase ever, the precise role of each of these events in tumor promotion activity, increased DNA synthesis, and increase in intracellular by phorbol esters or okadaic acid remains to be resolved, pH and Ca 2ϩ (21) . Ammonium metavanadate induces transformation of BALB/3T3 cells in the standard transformation were repeated twice and pooled data are presented. In the to induce appreciable numbers of foci in cells treated with MCA (5 µg/ml) for 72 h; a single batch of FBS was used for all aspects of this study (29) .
as compared with the corresponding control, distilled water
Cultures were maintained in a humidified incubator with an atmosphere of followed by TPA. In the test for promoting activity, orthovanad-5% CO 2 in air at 37°C.
ate dramatically enhanced the transformation of the cells the transformation assay. The transformed foci that met the To examine the time-course of focus formation, the cells were exposed to 0.75 µM MCA for 72 h from 24-h after seeding, grown in normal medium criteria of the IARC Working Group and whose sizes were for 3 days, and treated with medium containing 5 or 10 µM orthovanadate Ͼ3 mm in diameter were scored. As shown in Table III, the for 2 weeks. Cultivation was continued in normal medium and 12 dishes for number of dishes with transformed foci and the average each treatment group were fixed and stained at 0, 1, 2 and 3 weeks after the number of foci per dish increased with culture duration in termination of orthovanadate treatment. Transformed foci Ͼ3 mm in diameter were scored as described above.
normal medium after termination of orthovanadate treatment, showing that the transformed foci grew in orthovanadatecell density declined to the control level at 2 weeks after orthovanadate was removed from the culture medium (data free medium. not shown). Cell proliferation may possibly be involved in the promotion of BALB/3T3 cell transformation by this chemical, Discussion although chemically induced cell division is not necessarily associated with promotion of cell transformation by nonWe performed two-stage transformation assays using BALB/ 3T3 cells to determine the major activity of orthovanadate for genotoxic agents (57-59). Klarlund has reported the formation and decline of foci after the addition and removal of orthovancell transformation. We clarified that orthovanadate has both initiating and promoting activities of cell transformation and adate in NRK-1 cells (23) . Similarly, orthovanadate at 5 and 10 µM produced numerous tiny, non-transformed foci in both is more effective as a promoter than as an initiator by showing (i) that initiating treatment by orthovanadate produced a confluent cultures of BALB/3T3 cells pretreated and nonpretreated with MCA (data not shown). Those foci disappeared significant but small number of transformed foci in the presence of promoting treatment by TPA, which was previously proved from cultures, whether they had been pretreated with the carcinogen or not within 2 weeks after the removal of orthovanto be able to disclose the weak initiating activity of a chemical (47) , but not in the absence of TPA; and (ii) that promoting adate from the culture medium, and were easily distinguishable from transformed foci that appeared in the cultures exposed treatment by orthovanadate markedly enhanced the transformation of MCA-pretreated cells but not of non-pretreated cells.
to MCA and then orthovanadate or TPA at 2-3 weeks after termination of the promoting treatment. Thus, transformed foci The superiority of promoting activity of the chemical for cell transformation was further confirmed by an assay with reversed and transiently formed non-transformed foci were discriminated in this BALB/3T3 cell transformation assay. treatment sequence similar to the verification of tumor-promoting activity of croton resin in mouse skin carcinogenesis by
In the present study, orthovanadate, an inhibitor of PTPs, has proved to be a promoter of transformation that was induced Berenblum (48, 49) .
The present results preclude the possibility of cell species by MCA in BALB/3T3 cells. TPA and okadaic acid are also promoters in BALB/3T3 cell transformation (29) (30) (31) (32) 47) . The specificity, that vanadates may act as initiators of transformation in BALB/3T3 cells and as promoters in C3H/10T1/2, and biochemical activities affecting the phosphorylation level of cellular proteins are common to TPA, okadaic acid and show that orthovanadate is more potent as a promoter than as an initiator of transformation in BALB/3T3 cells. Whether a orthovanadate, though their target enzymes are different. The alteration of signal transduction depending on phosphorylation/ chemical acts as an initiator or as a promoter in cell transformation should be ascertained based on a comparison of the data dephosphorylation of proteins may be involved in the advance of initiated BALB/3T3 cells to complete transformants. If we obtained from a single stock of frozen cells in the same laboratory using a single lot of FBS in addition to using the can find proteins in BALB/3T3 cells, which are phosphorylated in common by TPA, okadaic acid and orthovanadate at same cell line because the extent of cell responses to carcinogens and tumor promoters can vary according to passage the concentrations where those chemicals reveal promoting activity, the proteins may be key proteins that manage the numbers and culture histories of cells, and the medium and FBS used, as well as the original animal species (29, 50) . chemical promotion of transformation. Orthovanadate will be a useful tool for identifying the signaling cascades responsible In the present experiments, orthovanadate showed weak initiating activity of cell transformation in addition to cogent for tumor promotion. promoting activity. Orthovanadate may have weak but essential initiating activity because there are reports that orthovanadate References increases the frequencies of numerical chromosome aberrations to twice that of control cultures, however, the increased
